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METHOD FOR FORMING BUMP, SEMICONDUCTOR DEVICE AND METHOD 
FOR MAKING THE SAME, CIRCUIT BOARD, AND ELECTRONIC DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

5 [0001] * The present invention relates to a method for forming a bump, a 

semiconductor device and a method for making the same, a circuit board, and an 
electronic device. 

2. Description of Related Art 

[0002] A method for forming a bump composed of a metal or the like on a 
1 0 pad of a semiconductor chip by electroless plating is known. 

[0003] In electroless plating, the bump grows not only in the height direction 
but also in the width direction (isotropic growth). The width of the bumps may 
therefore exceed the width of the pads. Thus, it is difficult to form bumps onto pads 
with a narrow pitch. 
15 SUMMARY OF THE INVENTION 

[0004] It is an object of the present invention, for solving the above 
problem, to provide a method for readily forming a bump with a desired width, a 
semiconductor device and a method for making the same, a circuit board, and an 
electronic device. 

20 [0005] (1) The method for forming a bump in accordance with the present 

invention includes: 

[0006] forming an opening in an insulating film which exposes at least a part 
of a pad; 

[0007] forming a bump connected to the pad; 
25 [0008] forming a resist layer having a through hole which overlaps at least a 

portion of the pad; and 

[0009] forming a metal layer which is connected to the portion of the pad 
which is exposed at the opening. 

[0010] According to the present invention, for example, the through hole in 
30 the resist layer communicates with the opening formed in the insulating film. The 
metal layer can thereby be formed connected to the pad. Thus, the bump can be 
formed by a simplified step. When the metal layer is formed in the through hole in the 
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resist layer, the bump can be formed so as to have a size corresponding to the size of 
the through hole, in other words, a desired width. 

[0011] (2) In this method for forming the bump, the through hole may be 
formed so as not to protrude from the periphery of the pad. 
5 [0012] According to this configuration, the metal layer can be formed so as 

not to protrude from the periphery of the pad. Thus, a bump can be formed on each of 
a plurality of pads arranged at a narrow pitch. 

[0013] (3) In the method for forming the bump, the insulating film may be 
thicker at the end than in the center of the pad. 
1 0 [0014] The semiconductor chip can be, therefore, surely protected by the 

thick insulating film. The thick portion of the insulating film may be formed of a 
plurality of layers. 

[0015] (4) In the method for forming the bump, the through hole may be 
formed at the inner side of the periphery of the pad and at the outer side of the center, 
15 in which the insulating film is thinner, of the pad. 

[0016] The bump can be thereby formed without exposing the pad. 

[0017] (5) In the method for forming the bump, the metal layer may include 
a first metal layer and a second metal layer formed on the first metal layer. 

[0018] (6) In the method for forming the bump, the opening may be formed 
20 so as to be larger than the periphery of the through hole so that a region for forming 
the first metal layer and an exposed portion of the pad are formed, and the second 
metal layer may be formed on the pad so as to cover the exposed portion. 

[0019] Since the exposed portion of the pad is covered with the second 
metal layer even if the opening is larger than the through hole, the pad is not exposed. 
25 [0020] (7) In the method for forming the bump, the first metal layer may be 

formed in the through hole, the resist layer may be removed, and then the second 
metal layer may be formed so as to cover the first metal layer. 

[0021] Oxidation of the surface of the first metal layer is thereby prevented. 

[0022] (8) In the method for forming the bump, the first metal layer may be 
30 formed in the through hole, and then the second metal layer may be formed on the first 
metal layer without removing the resist layer. 

[0023] When a material having high affinity with a solder is selected as the 
second metal layer, the solder can be provided substantially only on the upper face of 
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the metal layer. That is, the solder can be prevented from spreading from the 
periphery of the metal layer, and the solder can be provided without short-circuiting 
between adjacent pads. 

[0024] (9) In the method for forming the bump, the first metal layer may be 
5 formed so as to protrude from the through hole so that the first metal layer has a tip 
having a width which is larger than the width of the through hole. 

[0025] The tip of the first metal layer is larger than the width of the through 
hole. Thus, the bump has a space for holding a portion of the solder. Accordingly, 
the solder can be provided without spread from the periphery of the metal layer, that 
10 is, without short-circuiting between the pads. 

[0026] (10) In the method for forming the bump, the second metal layer may 
be formed so as to protrude from the through hole so that the second metal layer has a 
tip having a width which is larger than the width of the through hole. 

[0027] The tip of the second metal layer is formed so as to have a width 
15 which is larger than the width of the through hole. Thus, the bump has a space for 
holding a portion of the solder. Accordingly, the solder can be prevented from 
spreading from the periphery of the metal layer, that is, without short-circuiting 
between adjacent pads. 

[0028] (1 1) In the method for forming the bump, the first metal layer may be 
20 formed by electroless plating. 

[0029] (12) In the method for forming the bump, the second metal layer may 
be formed by electroless plating. 

[0030] (13) The method for forming the bump may further include the step 
of providing a solder on the metal layer. 
25 [0031] (14) In the method for forming the bump, in the step of providing the 

solder, a resin layer may be provided at the periphery of the metal layer other than at 
least the upper face so that the solder is provided at a portion, exposed from the resin 
layer, of the metal layer. 

[0032] Since the resin layer repels the solder, an optimum amount of solder 
30 is provided on the metal layer. When the solder is melted, spreading thereof from the 
periphery of the metal layer can be prevented. Thus, in a plurality of pads of a 
semiconductor chip, contact of the solder with an adjacent pad is prevented. 
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[0033] (15) In the method for forming the bump, the metal layer may be 
formed so as to be substantially flush with the resist layer, and the solder may be 
provided at a portion, exposed from the resist layer, of the metal layer. 

[0034] Since the same resist is used for forming the metal layer and the 
5 solder, the step is simplified. 

[0035] (1 6) In the method for forming the bump, the first metal layer may be 
formed so as to be lower than the resist layer, and the second metal layer may be 
provided by a printing process through the resist layer as a mask. 

[0036] Since the printed mask is the resist layer, the second metal layer can 
10 be provided regardless of releasability of the mask. Since no additional printed mask 
is formed, the second metal layer can be formed via reduced production steps. 

[0037] (17) In the method for forming the bump, a conductive film 
electrically connected to the first metal layer at the periphery of the through hole may 
be formed on the insulating material, the first metal layer may be formed so as to be 
1 5 lower than the resist layer, and the second metal layer may be provided by 
electroplating using the conductive film as an electrode. 

[0038] According to this method, a variation in the composition of the 
second metal layer can be suppressed compared to the formation by electroless 
plating. A variation in the melting point of the second metal layer is thereby 
20 prevented. 

[0039] (1 8) In the method for forming the bump, the first metal layer may 
include a nickel-containing material. 

[0040] (19) In the method for forming the bump, the second metal layer may 
include a gold-containing material. 
25 [0041] (20) In the method for forming the bump, the second metal layer may 

include a solder. 

[0042] (21) In the method for forming the bump, the solder may include Sn, 
or Sn and at least one metal selected from Ag, Cu, Bi, and Zn. 

[0043] (22) In the method for forming the bump, the second metal layer may 
30 include first and second Au layers, the first Au layer being formed on the first metal 

layer by immersion plating and the second Au layer being formed on the first Au layer 
by autocatalytic plating. 
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[0044] The Au layer having a large thickness can be thereby formed on the 
surface of the bump. When the Au layer is formed on the surface of the first metal 
layer, the Au layer can be directly connected to a lead, as in the case in which the 
entire bump is formed of Au. 
5 [0045] (23) In the method for forming the bump, the second metal layer may 

include an Au layer and a Sn layer, the Au layer being formed on the first metal layer 
by immersion plating and the Sn layer being formed on the Au layer by autocatalytic 
plating. 

[0046] (24) In the method for forming the bump, in the step of forming the 
1 0 Sn layer, the electroless tin plating solution may contain at least one of Cu and Ag so 
as to deposit Sn and at least one of Cu and Ag. 

[0047] According to this configuration, the bump can be satisfactorily 
connected to a lead even if the lead includes a material other than gold. 

[0048] (25) In a method for making a semiconductor device in accordance 
1 5 with the present invention, the metal layer is formed on the pad formed in a 
semiconductor chip by the above method for forming the bump. 

[0049] (26) The method for making the semiconductor device further may 
include the step of electrically connecting the bump to a lead, the second metal layer 
in the bump and the lead thereby forming an eutectic crystal. 
20 [0050] (27) A semiconductor device in accordance with the present 

invention is produced by the above method for making the semiconductor device. 

[0051] (28) A semiconductor device in accordance with the present 
invention includes: 

[0052] a semiconductor chip having a plurality of pads; 
25 [0053] an insulating film formed on the semiconductor chip so that the 

insulating film covers at least an end of each of the pads such that the pads have 
regions which are not covered with the insulating film; and 

[0054] a bump formed on each pad, the bump including a first metal layer 
formed in the region which is not covered with the insulating film so as not to contact 
30 the insulating film, and a second metal layer formed so as to cover the first metal layer 
and contact the insulating layer. 

[0055] (29) A semiconductor device in accordance with the present 
invention includes: 
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[0056] a semiconductor chip having a plurality of pads; 

[0057] an insulating film formed on the semiconductor chip so that the 
insulating film covers at least an end of each of the pads such that the pads have 
regions which are not covered with the insulating film; and 
5 [0058] a bump formed on each pad, the bump being formed so that the end 

thereof lies on the insulating film and the bump covers the region, and the thickness of 
a portion of the insulating film that is not above the pad is larger than another portion 
of the insulating film that is disposed below the bump. 

[0059] According to the present invention, the surface of the semiconductor 
10 chip is covered with a thick layer and the insulating layer is thin below the end of the 
bump. Since the surface of the semiconductor chip is covered with the thick layer, the 
moisture resistance of the semiconductor chip can be enhanced. Since the step 
difference by the insulating film below the end of the bump is reduced, reliability of 
the connection between the pad and bump is enhanced. 
15 [0060] (30) A semiconductor device according to the present invention 

includes: 

[0061] a semiconductor chip having a plurality of pads; and 

[0062] a bump including a pillar shaped body connected to each of the pads 
and a tip connected to the body, the tip having a width which is larger than the width 
20 of the body, the bump having a space for holding a solder between a portion 
exceeding the width of the body at the tip and the body. 

[0063] According to the present invention, the bump has a space for holding 
a portion of the solder. When the solder is melted on the bump, the solder does not 
spread toward the exterior of the metal layer, thereby preventing mutual short- 
25 circuiting between adjacent pads. 

[0064] (3 1) A circuit board in accordance with the present invention mounts 
the above semiconductor device. 

[0065] (32) An electronic device in accordance with the present invention 
includes the above-mentioned semiconductor device. 
30 BRIEF DESCRIPTION OF THE DRAWINGS 

[0066] Fig. 1 shows a method for forming a bump according to a first 
embodiment of the present invention. 
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Fig. 2(A) and Fig. 2(B) show a method for forming a bump according to the 
first embodiment of the present invention. 

Fig. 3(A) to Fig. 2(C) show a method for forming a bump according to the first 
embodiment of the present invention. 
5 Fig. 4 shows a method for forming a bump according to the first embodiment 

of the present invention. 

Fig. 5(A) and Fig. 5(B) show a method for forming a bump according to a 
second embodiment of the present invention. 

Fig. 6(A) and Fig. 6(B) show a method for forming a bump according to the 
1 0 second embodiment of the present invention. 

Fig. 7(A) and Fig. 7(B) show a method for forming a bump according to a 
third embodiment of the present invention. 

Fig. 8(A) and Fig. 8(B) show a method for forming a bump according to the 
third embodiment of the present invention. 
1 5 Fig. 9 shows a method for forming a bump according to a fourth embodiment 

of the present invention. 

Fig. 10(A) to Fig. 10(C) show a method for forming a bump according to a 
fifth embodiment of the present invention. 

Fig. 1 1(A) and Fig. 1 1(B) show a method for forming a bump according to a 
20 sixth embodiment of the present invention. 

Fig. 12(A) and Fig. 12(B) show a method for forming a bump according to a 

seventh embodiment of the present invention. 

Fig. 713(A) to Fig. 13(Q^how a method for forming a bump according to an 

eighth embodiment of the gpdsent invention. _ 

25 Fig. 14(A) and Fig. 14(B) show a method for forming a bump according to the 

eighth embodiment of the present invention. 

Fig. 15(A) and Fig. 15(B) show a method for forming a bump according to the 
eighth embodiment of the present invention. 

Fig. 16(A) and Fig. 16(B) show a method for forming a bump according to the 
30 eighth embodiment of the present invention. 

Fig. 17(A) to Fig. 17(C) show a method for forming a bump according to a 
ninth embodiment of the present invention. 

Fig. 18(A) and Fig. 18(B) show a method for forming a bump according to the 
ninth embodiment of the present invention. 



Fig. 17(A) shows a mejifod for forming a bump according to a tenth 
embodiment of the presept^mvention. 

Fig. 20(A) and Fig. 20(B) show a method for forming a bump according to an 
eleventh embodiment of the present invention. 

Fig. 21 shows a method for forming a bump according to the eleventh 
embodiment of the present invention. 

Fig. 22 shows a method for forming a bump according to the eleventh 
embodiment of the present invention. 

Fig. 23 shows a circuit board which mounts a semiconductor device in 
accordance with an embodiment of the presentanvention. 

Fig. 24 shows an electronic device having a semiconductor device in 
accordance with an embodiment of the present invention. 

Fig. 25 shows an electronic device having a semiconductor device in 
accordance with an embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0067] The preferred embodiments of the present invention will now be 
described with reference to the drawings. The present invention, however, is not 
limited to the following embodiments. 
(First Embodiment) 

[0068] Figs. 1 to 4 illustrate a method for forming a bump in accordance 
with a first embodiment of the present invention. In this embodiment, an example for 
forming a bump onto a sensing current is described. However, the method for 
forming a bump in accordance with the present invention is not limited to this and 
may be applied to the formation of a bump onto a wiring pattern. In this case, a land 
in the wiring pattern corresponds to a pad. Also, the present invention may be applied 
to the formation of a bump onto a pad formed on a semiconductor wafer. 
Accordingly, the contents described below are not limited to semiconductor chip 
treatment and can also be applied to semiconductor wafer treatment. 

[0069] In this embodiment, as shown in Fig. 1, a semiconductor chip 10 is 
prepared. The semiconductor chip 10 has a plurality of pads 12. The pads 12 
function as electrodes of an integrated circuit formed inside the semiconductor chip 
10. The pads 12 may be arranged at an end of the semiconductor chip 10 or in the 
center of the semiconductor chip 10. Also, the pads 12 may be arranged along two 
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parallel ends or four ends when the semiconductor chip 10 is rectangular. The pads 
12 may be formed in a region in which an integrated circuit is formed in the 
semiconductor chip 10. The pads 12 may be arranged as a matrix including a plurality 
of lines and rows. Each pad 12 is often formed so as to be thin and flat on the 
5 semiconductor chip 10. The side shape or the cross-sectional shape thereof are not 
limited, and the pad 12 may be flush with the face of the semiconductor chip 10. 
Also, the planar shape of the pads 12 is not limited and may be circular or rectangular. 
The pads 12 are formed of aluminum (Al), Copper (Cu) or the like. The pitch 
between individual pads 12 can be determined without restriction depending on the 
10 design. The present invention is particularly effective, for example, in a 

semiconductor chip 10 having pads 12 having a narrow pitch of approximately 40|im 
or less. 

[0070] An insulating film 14 is formed on a face provided with the pads 12 
of the semiconductor chip 10. The insulating film 14 is formed so as to cover each 

15 pad 12. In this embodiment, the insulating film 14 is formed of a single layer, but 

may be formed of a plurality of layers, as shown in an example described below. The 
thickness of the insulating film 14 can be determined depending on the requirement 
without restriction. The insulating film 14 may be a general passivation film. The 
insulating film 14 can be formed of, for example, Si02, SiN, or a polyimide resin. In 

20 this embodiment, a step for exposing at least a part of each pad 12 from the insulating 
film 14 and a step for forming a bump on the pad 12 can be performed using the same 
resist layer 20. In detail, these steps can be performed using the same resist layer 20 
formed for the first step, without forming resist layers 20 repeatedly. 

[0071] As shown in Fig. 2(A), the resist layer 20 is formed. The resist layer 

25 20 is formed on the face provided with the pads 12 of the semiconductor chip 10, that 
is, on the insulating film 14. The resist layer 20 has through holes 22 above the pads 
12. The through holes 22 may be formed by a photolithographic process. That is, a 
photosensitive resist layer 20 is irradiated with energy and is developed to form the 
through holes 22. In this case, the resist layer 20 may be of a positive type or a 

30 negative type. The resist layer 20 may have a thickness of approximately 20 \im. 

[0072] The through holes 22 may be formed by etching a non-photosensitive 
resist layer 20. Alternatively, the resist layer 20 may be formed by a screen printing 
process or an ink jet process. 
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[0073] The through holes 22 are preferably formed so as to have a size 
which does not protrude from the peripheries of the pads 12. A bump can thereby be 
formed on each of the plurality of pads 12 provided at a narrow pitch. The through 
holes 22 are preferably formed so as to have walls perpendicular to the face of the 
5 semiconductor chip 10. Bumps which vertically extend can thereby be formed. The 
planar shape of the through holes 22 is not limited and may be, for example, circular 
or rectangular. 

[0074] As shown in Fig. 2(B), the portions of the insulating films 14 in the 
through holes 22 are removed through the resist layer 20 as a mask to form openings 

10 16 so that at least parts of pads 12 are exposed. The openings 16 can be formed by 
etching. The etching process may be any one of a chemical process, a physical 
process, and a combination thereof. The etching characteristic may be isotropic or 
anisotropic. As described below, isotropic etching which etches equally in all 
directions can be applied to the present invention. 

15 [0075] As shown in Fig. 2(B), in this embodiment, the openings 16 is 

formed within the range of the size of the through holes 22 in plan view. Such 
openings 16 can be formed by, for example, anisotropic etching. A first metal layer 
30 is formed in each through hole 22 so that the surface of the pad 12 is not exposed. 
Furthermore, the opening 16 of the insulating film 14 can be easily formed using the 

20 through hole 22 formed in the resist layer 20. 

[0076] As shown in Fig. 3(A), the first metal layers 30 are formed in the 
through hole 22. Since the through hole 22 communicates with the opening 16, the 
first metal layer 30 is formed in the through hole 22 so as to be electrically connected 
to the pad 12. The first metal layer 30 may be formed only inside the through hole 22 

25 so as not to protrude from the height of the through hole 22. Alternatively, the first 
metal layer 30 may be flush with the resist layer 20, or may exceed the height of the 
through hole 22. The first metal layers 30 may be formed of nickel (Ni), copper (Cu), 
gold (Au), or the like. The first metal layer 30 may be a single layer as shown in Fig. 
3(A), or may be formed of a plurality of layers. 

30 [0077] The first metal layer 30 may be formed by electroless plating 

(including immersion plating). For example, for aluminum pads 12, the pads 12 are 
subjected to a zincate treatment so as to deposit zinc (Zn) on the surface of aluminum 
by substitution. In this case, it is preferable that the resist layer 20 be preheated to 
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approximately 200°C. This process enhances resistance of the resist layer 20 against 
strong alkaline solutions. The resist layer 20 may be irradiated with ultraviolet rays in 
order to prevent thermal deformation of the resist layer 20. In order to deposit zinc on 
the surface of the pads 12, the pads 12 may be immersed into an alkaline zinc 
5 solution, the substituted zinc may be dissolved with nitric acid, and then the pads 12 
may be immersed into the alkaline zinc solution. Next, an electroless nickel plating 
solution is provided on the pads 12 of which the surfaces are zinc-substituted to form 
nickel first metal layers 30 on the pads 12 by a substitution reaction between zinc and 
nickel. 

10 [0078] Prior to the zincate treatment of the pads 12, the residue of the 

insulating film 14 of the semiconductor chip 10 is preferably dissolved using a 
predetermined solution (for example, a week hydrofluoric acid solution). Moreover, it 
is preferable that the pads 12 be immersed into an alkaline solution after the residue of 
the insulating film 14 is removed, in order to remove the oxide films at the exposed 

15 portions of the pads 12. By these procedures, the surfaces of the pads 12 can be 
successfully aluminum-substituted. 

[0079] When the first metal layers 30 are formed on the pads 12 by the 
zincate treatment, the zinc layer may remain on the aluminum (pad 12). In such a 
case, the first metal layers 30 also contain zinc layers. 

20 [0080] Alternatively, a reducing solution containing palladium or the like is 

provided on the aluminum pads 1 2 instead of the zincate treatment, and then into an 
electroless nickel plating solution so that nickel first metal layers 30 are deposited 
from palladium crystal nuclei on the pads 12. In general, nickel can be formed within 
a shorter time compared to gold. The first metal layer 30 may have a thickness of 

25 approximately 15 to 25 jam. 

[0081] As shown in Fig. 3(B), the resist layer (inner leads) 20 are removed. 
As shown above, the first metal layers 30 are formed based on the shape of the 
through holes 22. That is, the first metal layers 30 are formed in the height direction 
with suppressed spreading in the lateral (width) direction regardless of application of 

30 electroless plating causing isotropic metal growth. Accordingly, when a plurality of 
pads 12 having a narrow pitch is formed, bumps can be formed on the corresponding 
pads 12 without short-circuit between adjacent pads 12. 
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[0082] As shown in Fig. 3(C), second metal layers 32 may be formed on the 
first metal layers 30, if necessary. The second metal layers 32 are formed so as to 
cover the first metal layers 30. Oxidation of the second metal layers 32 (nickel layers) 
can be thereby avoided. The second metal layers 32 formed after removing the resist 
5 layer 20 may be a single layer as shown in Fig. 3(C) or may be formed of a plurality of 
layers. At least the surface layers of the second metal layers 32 may be formed of 
gold. Gold further ensures electrical connection with a wiring pattern etc. When the 
first metal layers 30 are formed of nickel, an electroless gold solution may be provided 
on the first metal layers 30 (nickel layers) to form second metal layers 32 (gold layers) 
10 thereon. 

[0083] When the semiconductor chip 10 is immersed into a predetermined 
solution to form the first metal layers 30 and the second metal layers 32 by electroless 
plating, the back surface and the side faces of the semiconductor chip 10 may be 
preliminarily covered with a protective film. The protective film may be a resist layer. 

15 The resist layer may be a non-photosensitive resist. The resist layer may be formed on 
the back surface and the side faces in a thickness of approximately 2 jam. It is 
preferable that light be shaded when the semiconductor chip 10 is immersed in the 
solution. This prevents a change in potential between electrodes in the solution when 
the semiconductor chip 10 is immersed into the solution. Thus, treatments such as 

20 metal plating by electroless plating on each pad 12 can be uniformalized. 

[0084] When the pads 12 are formed of a copper-containing material, for 
example, a reducing solution containing palladium or the like may be provided on the 
pads 12 and then into an electroless nickel plating solution to form nickel layers (first 
metal layers 30) from palladium crystal nuclei. 

25 [0085] The above-described metals and solutions are merely disclosed as 

exemplary embodiments, and are not intended to limit the scope of the invention. For 
example, copper (Cu) may be used as a metal used in electroless plating. 

[0086] According to the present invention, using the resist layer 20, the 
openings 16 are formed in the insulating film 14, and the metal layers (first metal 

30 layer 30 and second metal layers 32) connected to the pads are formed; hence, the 

bumps are formed by simplified steps. When the metal layers (for example, the first 
metal layers 30) are formed in the through holes 22 in the resist layer 20, bumps can 
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be formed into a shape corresponding to the size of the through holes 22, that is, into a 
desired width. 

[0087] By the above steps, as shown in Fig. 4, a bump 40 formed of the first 
metal layer 30 and the optional second metal layer 32 is formed on each pad 12 of the 
5 semiconductor chip 10. The semiconductor chip 10 as a flip chip can be face-down- 
bonded to a substrate. In such a case, a wiring pattern (a land) formed on the substrate 
and the bump 40 is electrically connected to each other. For electrical connection, 
conductive particles may be disposed between the bump 40 and the wiring pattern 
using an anisotropic conductive material, such as an anisotropic conductive film 
10 (ACF) or an anisotropic conductive paste (ACP). Alternatively, the bump 40 and the 
wiring pattern (particularly the land) may be electrically connected by metallic 
connection of Au-Au, Au-Sn, or an solder (containing solder) or by shrinkage of an 
insulating resin. 

(Second Embodiment) 

1 5 [0088] Figs. 5(A) to 6(B) show a method for forming a bump in accordance 

with a second embodiment of the present invention. In this embodiment, a separate 
description of elements that are similar to elements of the first embodiment is not 
provided. In the following embodiments, including this embodiment, similar 
elements of other embodiments are used as much as possible. 

20 [0089] As shown in Fig. 2(A) for the former embodiment, the resist layer 20 

having the through holes 22 is formed, and then, as shown in Fig. 5(A), parts of the 
insulating film 14 are removed through the through holes 22. In this embodiment, the 
openings 18 in the insulating film 14 are larger than the through holes 22 in the resist 
layer 20. For example, parts of the insulating film 14 may be removed by isotropic 

25 etching to form such openings 18. The openings 18 may be formed, as shown in Fig. 
5(A), so that the size thereof does not protrude from the periphery of the pads 12. 

[0090] As shown in Fig. 5(B), first metal layers 30 are formed in the through 
holes 22. Since the size of the openings 18 are larger than the through holes 22 in 
plan view in this case, the first metal layer 30 may be not easily formed at a portion 

30 protruding from the through hole 22 in the opening 18. Thus, as shown in Fig. 6(A), 
an exposed portion 13 from the insulating film 14 may be formed at the periphery of 
the first metal layer 30 on the pad 12 when the resist layer 20 is removed. In this 
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embodiment, as shown in Fig. 6(B), the resist layer 20 is removed and then the second 
metal layers 32 are formed to cover the exposed portions 13. 

[0091] For example, the second metal layer 32 includes inner and outer 
layers 34 and 36, respectively, and as shown in Fig. 6(B), the inner layer 34 may cover 
5 the surface of the exposed portion 13. The inner layer 34 may be formed of the same 
material as that for the first metal layer 30 and may be formed of, for example, nickel 
(Ni), copper (Cu), gold (Au), or the like. Bumps can thereby be formed without the 
surface of the pads 12 being exposed. The outer layer 36 may be formed of gold. 

[0092] Alternatively, the exposed portion 13 may be covered with a single 
10 second metal layer 32. In such a case, the second metal layer 32 may be formed of 
nickel (Ni), copper (Cu), or gold (Au). 

[0093] The semiconductor device in accordance with this embodiment 
includes a semiconductor chip 10 having pads 12, an insulating film 14, and bumps 
having first and second metal layers 30 and 32. 
15 [0094] The insulating film 14 has openings 18 in the centers of the pads 12 

and is formed so as to cover from the surface of the semiconductor chip 10 to the end 
of each pad 12. The first metal layers 30 are formed at the inner side of the openings 
18, and at least parts of the second metal layers 32 are formed between the first metal 
layers 30 and the openings 18. As shown in Fig. 6(B), the second metal layers 32 
20 cover the surfaces of the first metal layers 30, and parts thereof may be formed 

between the first metal layers 30 and the openings 18. Alternatively, the second metal 
layers 32 may be formed only between the first metal layers 30 and the openings 18. 
In these cases, bumps can be formed without the pads 12 being exposed. 
(Third Embodiment) 

25 [0095] Fig. 7(A) to Fig. 8(B) show a method for forming a bump in 

accordance with a third embodiment of the present invention. 

[0096] In this embodiment, as shown in Fig. 7(A), a semiconductor chip 10 
provided with an insulating layer 15 is prepared. The insulating layer 15 is thinner at 
a portion which covers the center of each pad 12 than at a portion which covers the 

30 surface of the semiconductor chip 10 and the end of the pad 12. The insulating layer 
15 may be formed of a single layer or a plurality of layers. For example, as shown in 
Fig. 7(A), the insulating layer 15 may be formed of an upper layer 50 and a lower 
layer 60. In this case, the lower layer 60 has openings 62 in the central portions of the 
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pads 12 and covers the surface of the semiconductor chip 10 and the ends of the pads 
12. The upper layer 50 is formed on the lower layer 60 and the central portion of each 
pad 12. In such a manner, a thin portion 17 of the insulating layer 1 5 may be formed 
in the central portion of each pad 12. 
5 [0097] As shown in Fig. 7(A), a resist layer 20 having through holes 22 is 

formed on the insulating layer 15 of the semiconductor chip 10. Each through hole 22 
may be formed at the inner side of the periphery of the pad 12 and at the outer side of 
the thin portion 17 of the insulating film 15. When the insulating layer 15 is formed 
of the upper layer 50 and the lower layer 60, the wall of each through hole 22 may be 

10 formed above a portion, which covers the end of the corresponding pad 12, of the 

lower layer 60. When the portion of the insulating layer 15 in the through hole 22 is 
removed, the opening is readily formed in the insulating layer 1 5 so as not to be larger 
than the through hole 22. In detail, etching is performed and the throughput for 
removing at least a part of the thin portion 1 7 of the insulating layer 1 5 without 

1 5 removing the thicker portion of the insulating layer 15. As a result, the opening is 
formed in the insulating layer 15 so as not to be larger than the through hole 22. 

[0098] Alternatively, each through hole 22 may be formed within the thin 
portion 17 of the insulating layer 15. In this case, at least a part of the thin portion 17 
of the insulating layer 15 in the through hole 22 is removed, so that the opening in the 

20 insulating layer 1 5 is not larger than the through hole 22. 

[0099] Alternatively, each through hole 22 may be formed on the periphery 
and the outer region of the pad 12. In such a through hole 22, the insulating layer 15 
is removed without removing, for example, a portion of the insulating layer 1 5 
covering the end of the pad 12 (for example the lower layer 60), so that a bump is 

25 formed without exposing the semiconductor chip 10 and the pad 12 from the 
insulating layer 15. 

[0100] As shown in Fig. 7(B), a part of the insulating layer 15 is removed 
through each through hole 22. The opening of the insulating layer 1 5 may be formed 
so that the size thereof exceeds the size of the corresponding through hole 22. For 

30 example, the switching element opening 52 of the upper layer 50 may be formed so as 
to exceed the size of the through hole 22. When the opening 62 of the lower layer 60 
is formed so as not to be larger than the through hole 22 in such a case, the first metal 
layer 30 formed in a subsequent step can be formed without exposing the surface of 
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the pad 12. When the opening 62 of the lower layer 60 is formed so as to be larger 
than the through hole 22, at least a part of a second metal layer (not shown in the 
drawing) may be formed at an exposed portion at the periphery of the first metal layer 
30 in the pad 12 after removing the resist layer 20 to cover the exposed portion. 
5 [0101] Alternatively, the opening of the insulating layer 15 may be formed 

so as not to is larger than the through hole 22. When the insulating layer 1 5 is formed 
of the upper layer 50 and the lower layer 60, openings 52 and 62 of these layers may 
be formed so as not to be larger the through hole 22. 

[0102] As shown in Fig. 8(A), a first metal layer 30 is formed in each 

10 through hole 22. When the opening 62 of the lower layer 60 is formed so as not to be 
larger than the through hole 22 and the opening 52 of the upper layer 50 is formed so 
as to be larger than the through hole 22, the first metal layer 30 can be formed so that 
the end thereof lies on the lower layer 60. Accordingly, the thickness of the portion of 
the insulating layer 1 5 under the end of the first metal layer 30 can be reduced. The 

1 5 step difference caused by the insulating layer 15 under the end of the bump is thereby 
reduced, ensuring electrical connection between the bump and the pad 12. 

[0103] As shown in Fig. 8(B), the resist layer 20 is removed. The first metal 
layer 30 is formed so that the end thereof lies on the insulating layer 15 (the lower 
layer 60). The first metal layer 30 is thereby formed without exposing the pad 12. In 

20 addition, a second metal layer (not shown in the drawing) may be formed on the 

surface of the first metal layer 30. When the opening 52 of the upper layer 50 and the 
opening 62 of the lower layer 60 have different sizes, an end of the second metal layer 
may be formed to cover an exposed end of the lower layer 60 and abut an end of the 
upper layer 50. The step difference due to the insulating layer 15 under the end of the 

25 bump formed of the first metal layer 30 and the second metal layer is moderated 

stepwise to ensure electrical connection between the bump and the pad 12. When an 
exposed portion from the insulating layer 15 is formed around the first metal layer 30, 
the second metal layer may be formed so as to cover the exposed portion. 

[0104] The semiconductor device according to this embodiment includes the 

30 semiconductor chip 10 having the pads 12, the insulating layer 15, and bumps formed 
on the pads 12. 

[0105] The insulating layer 15 has openings formed in the centers of the 
pads 1 2 and covers the surface of the semiconductor chip 1 0 and the end of each pad 
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12. Each bump is larger than the corresponding opening of the insulating layer 1 5 so 
that the end of the bump lies on the insulating layer 15. The bump may have the first 
metal layer 30, as described above. Moreover, the bump may have a second metal 
layer surrounding the first metal layer 30. The insulating layer 1 5 has a thin portion 
below the end of the bump and a thick portion on the surface of the semiconductor 
chip 10. For example, as shown in Fig. 8(B), a part of the lower layer 60 of the 
insulating layer 15 having a plurality of layers may extend below the end of the first 
metal layer 30. 

[0106] Accordingly, the surface of the semiconductor chip 10 is covered 
with the thick portion, whereas the insulating layer 1 5 has a thin portion below the end 
of the bump. Since the surface of the semiconductor chip 10 is covered with the thick 
layer, the semiconductor chip 10 exhibits enhanced moisture resistance. Since the 
step difference due to the insulating layer 15 below the end of the bump is reduced, 
reliability of connection between the pad 12 and the bump is enhanced. 

(Fourth Embodiment) 

[0107] Fig. 9 shows a semiconductor device in accordance with the present 
invention. The semiconductor device 1 shown in Fig. 1 includes the above-described 
semiconductor chip 1 0 having the bumps (for example the bumps 40 shown in Fig. 
3(C)) formed on the pads 12, a substrate 70 provided with a wiring pattern 72, and a 
plurality of external terminals 80. 

[0108] In this case, the semiconductor chip 10 is face-down-bonded to the 
substrate 70. The semiconductor chip 10 and the substrate 70 are bonded to each 
other with an amsotropically(con^ 74. The bumps 40 and the wiring 



pattern 72 are electrically connected with conductive particles. 

[0109] The substrate 70 is provided with a plurality of external terminals 80. 
The external terminals 80 are electrically connected to the wiring pattern 72 via 
through holes (not shown in the drawing) or the like. Each external terminal 80 may 
be spherical solder. Alternatively, the external terminals 80 may be formed by 
printing a solder pattern and then by reflowing the pattern. The external terminals 80 
may be formed of copper instead of the solder. Alternatively, a solder cream, which is 
applied to a mother board, is melted so that the melted cream functions as external 
terminals by surface tension thereof, instead of the formation of the external terminals 
80. This semiconductor device is of a so-called land grid array type. 
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(Fifth Embodiment) 

[0110] Fig. 10(A) to Fig. 10(C) show a method for forming a bump in 
accordance with a fifth embodiment. 

[0111] In this embodiment, a first metal layer 30 is formed as shown in Fig. 
5 3(A), and then a second metal layer 33 is formed without removing the resist layer 20 
as shown in Fig. 10(A). That is, the second metal layer 33 is formed on the first metal 
layer 30. The second metal layer 33 may be formed of a single layer or a plurality of 
layers. The second metal layer 33 may be formed of gold (Au). When the second 
metal layer 33 is formed of a plurality of layers, at least the surface layer may be 
10 formed of gold. The thickness of the second metal layer 33 may be in the range of 0.1 
to 0.2 |im. The second metal layer 33 may be formed by electroless plating. 

[0112] The resist layer 20 is removed as shown in Fig. 10(B). A metal layer 
42 including the first metal layer 30 and the second metal layer 33 is thereby formed. 

[0113] As shown in Fig. 10(C), a solder 44 is provided on the metal layer 
1 5 42, if necessary. The solder 44 is used for electrical connection of the semiconductor 
chip 10 with leads (including wiring) not shown in the drawing. The solder 44 may be 
either soft solder or hard solder, and may be, for example, solder or a conductive 
paste. 

[0114] Preferably, the second metal layer 33 is formed of a material having 
20 higher wettability with the solder 44 compared to the first metal layer 30. When 
solder is used as the solder 44, the second metal layer 33 is preferably formed of a 
material having higher wettability with the solder compared to the first metal layer 30. 
For example, at least the surface of the second metal layer 33 may be formed of gold. 
The solder 44 is thereby satisfactorily provided on the second metal layer 33. The 
25 material for the second metal layer 33 is not limited to gold and may be any other 
metal having high wettability with the solder 44. 

[0115] A solder may be formed on the metal layer 42 by a dipping process in 
which the upper face of the metal layer 42 (second metal layer 33) is dipped into a 
solder bath. In this case, the solder readily adheres to the Au layer (second metal layer 
30 33) and the solder is provided on the metal layer 42. Alternatively, the metal layer 42 
may be placed into contact with the surface of melted solder so that the solder adheres 
to the second metal layer 33. Alternatively, the solder may be provided on the metal 
layer 42 by a printing process or an ink jet process. The solder may be formed of a 
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material containing tin (Sn) and silver (Ag). The height of the solder provided on the 
metal layer 42 may be within the range of, for example, approximately 10 to 20 (am. 
The bump in this embodiment includes the metal layer 42 (the first metal layer 30 and 
the second metal layer 33) and the solder 44. 
5 [0116] The solder 44 may contain tin (Sn). Alternatively, the solder 44 may 

contain tin (Sn) and at least one metal selected from silver (Ag), copper (Cu), bismuth 
(Bi), and zinc (Zn). The thickness of the solder 44 is adjusted so that adjacent bumps 
are not short-circuited. When the surface of a component (for example, a lead) 
connecting to the bump is composed of Au, the thickness of the solder 44 is set to be 

10 approximately 0.1 to 3 (am to form a Sn-Au eutectic crystal bond having adequate 

bonding strength. In the thickness in this range, short-circuiting between the bumps is 
prevented, even if the distance between two adjacent bumps is extremely small (for 
example approximately 7 jam). 

[0117] Alternatively, the solder 44 (the second metal layer) may be provided 

15 directly on the first metal layer 30. That is, the bump includes the first metal layer 30 
and the solder 44. For example, the solder 44 is applied to the nickel layer (the first 
metal layer 30) to form a bump. The solder 44 may be formed so as to cover the 
entire first metal layer 30 or may be formed on the first metal layer 30. 

[0118] In this embodiment, the metal layer 42 has the second metal layer 33 

20 thereon. When the second metal layer 33 is formed of a material having high 

wettability with the solder 44, the amount of the solder 44 provided on the metal layer 
42 can be optimized. Specifically, the solder 44 may be provided only on the upper 
face of the metal layer 42. When the solder 44 is melted, the solder 44 is prevented 
from the side faces of the metal layer 42 in the lateral direction. When a plurality of 

25 pads 12 are arranged at a narrow pitch, short-circuiting between the pads 12 by the 
melted solder 44 is avoided. 
(Sixth Embodiment) 

[0119] Fig. 1 1(A) and Fig. 1 1(b) show a method for forming a bump in 
accordance with a sixth embodiment. With reference to Fig. 1 1 (B), a bump 46 formed 
30 by this process includes metal layers (a first metal layer 30 and a second metal layer 

33) and a solder 44. In this embodiment, the solder 44 is provided so that a resin layer 
24 is formed around the metal layers (the first metal layer 30 and the second metal 
layer 33). 
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[0120] As shown in Fig. 1 1(A) 3 the first metal layer 30 and the second metal 
layer 33 are formed. Without removing the resist layer 20, the second metal layer 33 
may be formed on the first metal layer 30. Alternatively, the second metal layer 33 
may be formed so as to cover the first metal layer 30 after the resist layer 20 is 
removed. The second metal layer 33 may be formed of a material having higher 
wettability with the solder 44 compared to the first metal layer 30. In other words, the 
second metal layer 33 may be formed of a material which facilitates adhesion of the 
solder 44 compared to the first metal layer 30. 

[0121] As shown in Fig. 1 1(B), the solder 44 is provided on the metal layers 
(the first metal layer 30 and the second metal layer 33). This step is performed by 
providing the resin layer 24 around the metal layers (the first metal layer 30 and the 
second metal layer 33). 

[0122] The resin layer 24 is not provided on a part of each metal layer (the 
first metal layer 30 or the second metal layer 33) formed on the pad 12. In detail, the 
resin layer 24 is provided so that at least a part of the second metal layer 33 is 
exposed. The resin layer 24 may be provided so that the resin layer 24 is not formed 
on the metal layers (the first metal layer 30 and the second metal layer 33). As shown 
in the drawing, the resin layer 24 is provided so as to substantially be flush with the 
metaHayer (the first or jsecond meta]_layer). 



[0123] The resin layer 24 may be formed arajmd the metal layers (the first 
metal layer 30 and the second metal layer 33) afjp^rthe resist layer 20 is removed. 
Alternatively, the resist layer 20 may be lcpPmid used instead of the resin layer 24. In 
the latter case, the resist layer 20 is u^rain both the steps of forming the metal layers 
(at least the first metal layer 30\md of forming the solder 44; hence, the process is 
simplified. When the resi^t^ayer 20 is used instead of the resin layer 24, the second 
metal layer 33 is preferably formed so as to substantially be flux with the resist layer 
20, 




[0124] The resin layer 24 may be formed by a photolithographic process, 
etching, screen printing, an ink jet process, or application with a dispenser. For 
example, a polyimide resin may be applied on the surface provided with the pads 12 
of the semiconductor chip 10 other than the plurality of metal layers (the first metal 
layer 30 and the second metal layer 33) so as to be substantially flush with the upper 
face of the metal layers. The upper face of the metal layers (the first metal layer 30 
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and the second metal layer 33) may be exposed by etching or the like, if necessary. 
When the upper face of the metal layers (the first metal layer 30 and the second metal 
layer 33) is exposed by etching or the like, the thickness of the resin layer 24 may be 
slightly smaller than the thickness (height) of the metal layers (the first metal layer 30 
5 and the second metal layer 33). 

[0125] After the resin layer 24 is formed, the solder 44 is provided on the 
metal layers (the first metal layer 30 and the second metal layer 33). The solder 44 
may be formed of any one of the above-mentioned materials, for example, solder (e.g., 
an alloy containing tin, silver, and copper). The solder 44 may be provided so that at 

10 least faces exposed from the resin layer 24 of the metal layers (the first metal layer 30 
and the second metal layer 33) come into contact with the surface of the melted solder. 
When the second metal layer 33 is formed of a material having high wettability with 
the solder 44 in this case, the solder 44 can be securely provided on the second metal 
layer 33. The height of the solder provided on the metal layers (the first metal layer 

15 30 and the second metal layer 33) may be, for example, in the range of approximately 
10 to 20 jam. 

[0126] Since the resin layer 24 is not wettable to the solder (repels the 
solder), an optimum amount of solder can be provided only on the exposed surface of 
the metal layers (the first metal layer 30 and the second metal layer 33). In detail, a 

20 small amount of solder is provided so that the solder does not spread around the pad 
12 when a semiconductor chip is mounted. Accordingly, the lateral spread of the 
solder (solder 44) from the side faces of the metal layers (first metal layer 30 and the 
second metal layer 33) is prevented. When a plurality of pads 12 are arranged at a 
narrow pitch, the pads 12 do not cause short-circuiting by the melt solder 44. 

25 (Seventh Embodiment) 

[0127] Fig. 12(A) and Fig. 12(B) show a method for forming a bump in 
accordance with a seventh embodiment of the present invention. In this embodiment, 
the shape of the first metal layer 90 differs from the above embodiments. 

[0128] As shown in Fig. 12(A), the first metal layer 90 is formed so as to be 

30 higher than the height of the through hole 22 in the resist layer 20 and to extend 
towards the periphery. In other words, the first metal layer 90 overflows from the 
through hole 22. When the first metal layer 90 is formed by electroless plating, the 
thickness may be controlled by the operation temperature, the operation time, the 
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volume and pH of the plating solution, and the number of plating cycles (turn 
numbers). 

[0129] The first metal layer 90 extends in all directions over the through 
hole 22. That is, the first metal layer 90 extends not only in the height direction but 
5 also the lateral direction over the through hole 22. The first metal layer 90 is thereby 
formed so as to exceed the width of the through hole 22. 

[0130] Next, a second metal layer 92 is formed. As shown in the drawing, 
the second metal layer 92 may be formed without removing the resist layer 20. In 
such a case, the second metal layer 92 is formed on the tip of the first metal layer 90 

10 (the outer portion of the through hole 22). Alternatively, the second metal layer 92 
may be formed after the resist layer 20 is removed. In such a case, the second metal 
layer 92 is formed so as to cover the surface of the first metal layer 90. The shapes of 
the first metal layer 90 and the second metal layer 92 and the methods for forming the 
layers are the same as those in the former embodiments. 

15 [0131] As shown in Fig. 12(B), the resist layer 20 is removed. Bumps 100 

(the first metal layers 90 and the second metal layers 92) are thereby formed. Each 
bump 100 includes a body 94 and a tip 96. 

[0132] The body 94 of each bump 100 is connected to the corresponding pad 
12. The body 94 is shaped like a pillar (e.g., cylindrical or prismatic). The body 94 is 

20 formed so as correspond to the shape of the through hole 22. When the through hole 
22 is formed so as not to exceed the pad 12, the body 94 is formed inside the pad 12 in 
plan view of the semiconductor chip 10. The thickness (height) of the body 94 is 
formed in response to the height of the through hole 22 in the resist layer 20. 

[0133] The tip 96 of the bump 100 is connected to the body 94. The width 

25 of the tip 96 is larger than the width of the body 94. When the body 94 is rectangular 
in plan view of the semiconductor chip 10, the tip 96 is formed so as to protrude from 
at least one side (preferably all the sides) of the body 94. The tip 96 of a bump 100 
formed on one pad 12 may protrude toward the direction of an adjacent pad 12 and in 
another direction in different lengths, in plan view of the semiconductor chip 10. For 

30 example, the tip 96 may extend a length from the body 94 toward an adjacent pad 12 
that is shorter than the tip 96 extends in another direction. This configuration prevents 
the tips 96 of adjacent pads 12 from electrically contacting each other. The tip 96 may 
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have a width which is larger than the width of the pad 12, or may have a width which 
is larger than the width of the body 94 and smaller than the width of the pad 12. 

[0134] The solder 44 is provided on the bump 100 (metal layer). The solder 
44 is described above, and may be formed of solder. The method for forming the 
5 solder 44 is described above. Since the tip 96 is larger than the body 94, the bump 

100 has a portion protruding from the body 94 at the tip 96 and a space 98 thereunder 
for holding the solder 44. For example, the space 98 may be formed at a reentrant 
portion which is formed by a face of the tip 96 facing the pad 12 and the side face of 
the body 94. Since the excess volume of solder 44 on the bump 100 is held in the 

10 space 98, the solder 44 does not flow toward the adjacent pad 12. The shapes (the 

width of the metal layer etc.) of the body 94 and the tip 96 may be determined without 
restriction as long as the solder 44 is easily held. 

[0135] In addition to the embodiment shown in Fig. 12(A) and 12(B), the 
second metal layer 92 may be formed so as to overflow from the through hole 22. 

1 5 That is, the first metal layer 90 may be formed so as not to protrude from the resist 
layer 20, and the second metal layer 92 may be formed so as to protrude from the 
resist layer 20 without removing the resist layer 20. Also, such a case has the above 
advantages. 

[0136] Although the bump 100 includes the first metal layer 90 and the 
20 second metal layer 92 in the above embodiment, the bump 100 may include the solder 
44, in addition to the first metal layer 90 and the second metal layer 92. 

[0137] According to this embodiment, the first metal layer 90 is formed so 
as to overflow from the through hole 22, and the tip has a width larger than that of the 
through hole 22. The space 98 which holds a portion of the solder 44 is thereby 
25 formed on the bump 100. Accordingly, pads 12 can be provided without mutual 

short-circuiting, since the solder 44 does not spread toward the periphery of the bump 
100 (metal layer). 

[0138] Next, a semiconductor device in accordance with this embodiment 
will be described. The semiconductor device includes a semiconductor chip 10 
30 having a plurality of pads 12 and bumps 100, each having a body 94 and a tip 96. 

[0139] The bump 100 is described above. The tip 96 can be formed of both 
a first metal layer 90 and a second metal layer 92 or of only a second metal layer 92. 
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The second metal layer 92 may be formed on only the tip 96, or on the tip 96 and the 
body 94. The shapes and the sizes of the tip 96 and the body 94 are not limited. 

[0140] The bump 100 has a space 98 for holding the solder 44. In detail, the 
bump 100 has the space 98 in which a portion of the solder 44 is held when the alloy 
5 is melted. The shape of the space 98 is not limited and may be at a reentrant portion 
formed by a face of the tip 96 and a face of the body 94. 

[0141] According to the semiconductor device of this embodiment, when the 
semiconductor chip 10 is mounted onto an interposer (substrate) or the like with the 
solder 44, the melted solder 44 can be held in the space 98 without overflow towards 
10 the adjacent pads 12. Even if a plurality of pads 12 are arranged at a narrow pitch, 
these pads 12 are not mutually short-circuited. Accordingly, a highly reliable 
semiconductor device is provided. 

(Eighth Embodiment) 

[0142] Fig. 13(A) to Fig. 16(B) show a method for forming a bump in 

1 5 accordance with an eighth embodiment of the present invention. Fig. 1 6(A) and Fig. 
16(B) show a modification of this embodiment. In this embodiment, a second metal 
layer 1 80 is formed by electroplating. 

[0143] As shown in Fig. 13(A), a conductive film 170 is formed on the 
insulating film 14 provided on the semiconductor chip 10. The conductive film 170 is 

20 used as a plating lead for forming the second metal layer 1 80 by electroplating. The 
conductive film 1 70 has a predetermined pattern and extends at least from above each 
pad 12 to above the insulating film 14. In detail, the conductive film 170 extends 
from each pad 12 towards the periphery of the semiconductor chip 10, in plan view of 
the semiconductor chip 10. The conductive film 170 may be formed on the insulating 

25 film 14 so as to cover each pad 12. That is, the conductive film 170 may be formed as 
a land based on the position of each pad 12. Alternatively, the conductive film 170 
may be formed as a continuous plane extending on each pad 12. The thickness of the 
conductive film 170 can be determined without restriction in view of electrical 
connection with a first metal layer 30 (formed later), and may be, for example, 

30 approximately 50 to 200 nm. The conductive materials for the conductive film 170 
are not limited and may be nickel (Ni), chromium (Cr), tungsten (W) 5 and platinum 
(Pt). Furthermore, the methods for forming the conductive film 170 are not limited 
and may be formed by, for example, sputtering process and an evaporation process. 
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[0144] As shown in Fig. 13(B), a resist layer 20 is formed on the pattern of 
the conductive film 170. The resist layer 20 is formed on the entire surface of the 
semiconductor chip. That is, the resist layer 20 is formed not only on the conductive 
film 170 but also on the gas exhaust pipe that is not provided with the conductive 
5 film. When the conductive film 170 is formed as a land above each pad 12, a through 
hole 22 is formed in the resist layer 20 so that the periphery of the through hole 22 lies 
inside of the land. When an opening 1 72 is formed in the conductive film 1 70 
according to the planar shape of the through hole 22, the conductive film 170 and the 
first metal layer 30 can be electrically connected. The thickness of the resist layer 20 

10 is not limited and may be in the range of, for example, approximately 1 5 to 40 |im. 

[0145] As shown in Fig. 13(C), an opening 16 in the insulating film 14 and 
the opening 172 in the conductive film 170 are formed inside each through hole 22. 
The opening 16 and the opening 172 communicate to expose at least a part of the pad 
12 inside the through hole 22. The opening 16 and the opening 172 may be formed by 

15 etching. The etching may be a wet etching process or a dry etching process. The 
insulating film 14 and the conductive film 170 may be simultaneously etched. 
Alternatively, after forming the opening 172 in the conductive film 170, the opening 
16 may be formed in the insulating film 14. The opening 16 and the opening 172 may 
have the same size which is substantially the same as the perimeter of the through hole 

20 22, or may have a size which does not exceed the perimeter of the through hole 22. 

[0146] As shown in Fig. 14(A), the first metal layer 30 is formed. The first 
metal layer 30 may be formed by electroless plating. The first metal layer 30 has a 
height in the through hole 22 so as to connect to the conductive film 170. For 
example, the first metal layer 30 is thicker than the total thickness of the insulating 

25 film 14 and the conductive film 170. The first metal layer 30 is thereby connected to 
the conductive film 170 at the perimeter of the through hole 22. The first metal layer 
30 may be lower than the resist layer 20. When a second metal layer 180 is formed by 
electroplating, in such a case, the second metal layer 1 80 is formed so as to have a 
width of the through hole 22. That is, by suppressing the isotropic growth of the 

30 second metal layer 180, the second metal layer 180 having a predetermined width can 
be formed on the first metal layer 30. The thickness (height) of the first metal layer 30 
is not limited and may be within the range of, for example, approximately 1 to 30 j^m. 
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[0147] The first metal layer 30 may be formed of a plurality of layers. When 
the second metal layer 180 is formed of a solder, the upper layer of the second metal 
layer 180 in contact with the first metal layer 30 may be formed of a material which 
has a higher affinity with the solder, compared to the lower layer in contact with the 
5 pad 12. For example, the upper layer of the first metal layer 30 may be formed of 
gold. 

[0148] As shown in Fig. 14(B), the second metal layer 180 is formed. The 
second metal layer 180 is formed by electroplating. In detail, the second metal layer 
180 in contact with the first metal layer 30 is formed by electroplating using the 

10 conductive film 170 electrically connecting to the first metal layer 30 as an electrode. 
The second metal layer 1 80 may be substantially flush with the resist layer 20 as 
shown in the drawing, or may be lower than the resist layer 20. 

[0149] The second metal layer 1 80 may be formed of a solder. That is, the 
solder may be formed on the first metal layer 30 provided by electroplating. The 

15 solder is described above and may be solder. The composition of the solder is not 

limited and may be Sn, Sn-Pb, Sn-Ag, Sn-Cu, Sn-Ag-Cu, or Sn-Zn. Electroplating of 
solder can suppress a variation in the composition of the resulting layer compared to 
electroless plating thereof. Thus, a variation of the melting temperature of the solder 
can be suppressed. Since the first metal layer 30 is formed by a simple electroplating 

20 process, the metal layer can be more readily formed compared with the formation by 
electroplating. 

[0150] As shown in Fig. 14(C), the resist layer 20 is removed. After the 
resist layer 20 is removed, the conductive film 170 on the insulating film 14 is 
exposed. 

25 [0151] The conductive film 170 is removed as shown in Fig. 15(A). The 

conductive film 170 may be removed by wet etching, dry etching or the like. Since 
the conductive film 170 is removed after the second metal layer 180 is formed, a thick 
bump 102 may be preliminarily formed. 

[0152] As shown in Fig. 15(B), after the resist layer 20 and the conductive 

30 film 170 are removed, a reflow step may be introduced, if necessary. The reflow step 
may be performed after flux coating, or may be performed in a nitrogen atmosphere 
without flux coating. When a flux is used, it is preferable to introduce a cleaning step 
after the reflow step. The reflow step is not limited and may use any reflow furnace, 
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such as an infrared furnace, a far infrared furnace, or an air heating furnace. The 
reflow step may be performed by spot irradiation or continuous irradiation with laser 
or halogen light. In the above embodiment, the reflow step is performed after the 
resist layer 20 is removed. Alternatively, the reflow step may be performed without 
5 removing the resist layer 20. In such a case, the resist layer 20 is removed after the 
reflow step. 

[0153] A bump 102 including the first metal layer 30 and the second metal 
layer 180 is thereby formed on each pad 12. Accordingly, bumps having reliable 
connection can be formed by a simplified process. 

10 [0154] A modification in this embodiment will be described. As shown in 

Fig. 14(A), the first metal layer 30 is formed and then, as shown in Fig. 16(A), a 
second metal layer 182 is formed so as to overflow from the through hole 22. That is, 
the second metal layer 182 is higher than the resist layer 20. As shown in Fig. 16(B), 
the resist layer 20 is removed and a reflow step is introduced, if necessary. A bump 

15 104 including the first metal layer 30 and the second metal layer 1 82 is thereby 
formed on each pad 12. This modification also exhibits the above advantages. 
(Ninth Embodiment) 

[0155] Fig. 17(A) to Fig. 18(B) show a method for forming a bump in 
accordance with a ninth embodiment of the present invention. In this embodiment, a 
20 second metal layer 1 84 is formed by a printing process. 

[0156] As shown in Fig. 17(A), an opening 16 is formed in an insulating 
film 14 through a through hole 22 in a resist layer 20. At least a part of each pad 12 is 
thereby exposed. 

[0157] As shown in Fig. 17(B), a first metal layer 30 is formed. The first 
25 metal layer 30 is formed by electroless plating. The first metal layer 30 is lower than 
the resist layer 20. In detail, the first metal layer 30 is formed so that a second metal 
layer 1 84 having a height which does not exceed the through hole 22 can be formed in 
a subsequent step. 

[0158] The first metal layer 30 may be formed of a plurality of layers. When 
30 the second metal layer 1 84 is formed of a solder, the upper layer of the first metal 

layer 30, connected to the second metal layer 184, may be formed of a material which 
has high affinity with the solder, compared with the lower layer connecting to the pad 
12. For example, the upper layer of the first metal layer 30 may be formed of gold. 
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[0159] As shown in Fig. 17(C), the second metal layer 184 is formed by a 
printing process. In this case, the resist layer 20 is used as a printing mask. That is, a 
step difference caused by the first metal layer 30 which is lower than the resist layer 
20 is used as an opening of the mask. The second metal layer 1 84 may be formed of a 
5 solder such as the above-described solder. For example, a solder paste is placed into 
the resist layer 20 and is loaded into the through hole 22 by a squeegee (not shown in 
the drawing). The thickness of the second metal layer 184 (for example, a solder) is 
determined in view of the thickness of the resist layer 20 and the thickness of the first 
metal layer 30. 

10 [0160] As shown in Fig. 18(A), a reflow step is performed. The reflow step 

may be performed without removing the resist layer 20. For example, the second 
metal layer 1 84 is melted by, for example, laser light so that the second metal layer 
1 84 becomes hemispherical by surface tension. 

[0161] As shown in Fig. 18(B), the resist layer 20 is removed. The second 

15 metal layer 184 is surely formed on the first metal layer 30 by removing the resist 
layer 20. When a general printing mask is used, the mask must be removed by a 
mechanical process, arising problems of mask releasability and a change in the 
amount of the coated material due to diffusion into the mask. Since the resist layer is 
used as a mask in this case, these problems do not occur. 

20 [0162] In the above embodiment, the reflow step is performed without 

removing the resist layer 20. Alternatively, the reflow step may be performed after the 
resist layer 20 is removed. 

[0163] Since no printing mask is formed according to this embodiment, the 
second metal layer 1 84 can be provided by reduced steps. Since no metal mask is 

25 used, the number of components used in the production process can be reduced, and it 
is not necessary that the snap-off of the mask be taken into consideration. 
(Tenth Embodiment) 

[0164] Fig. 19 shows a semiconductor device in accordance with a tenth 
embodiment of the present invention. The semiconductor device 3 includes the 
30 semiconductor chip 10 having bumps (described in the ninth embodiment), a substrate 
70 provided with a wiring pattern 72, and a plurality of external terminals 80. The 
semiconductor chip 10 is face-down-mounted onto the substrate 70, and a resin as an 
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under-filling material is loaded between the semiconductor chip 10 and the substrate 
70. 

[0165] Each bump includes a first metal layer 30 (for example, a nickel layer 
or a copper layer) and a second metal layer 184 (for example, solder). The first metal 
5 layer 30 on the pad 12 and leads of the wiring pattern 72 are soldered with the second 
metal layer 184. The semiconductor chip 10 includes a solder having high connection 
reliability. Thus, a highly reliable semiconductor device is provided at reduced cost. 

[0166] This embodiment of the semiconductor device is also applicable to 
semiconductor chips 10 provided with glassy alloys which are shown in the above- 
1 0 described embodiments . 

(Eleventh Embodiment) 

[0167] Fig. 20(A) and Fig. 20(B) show a method for forming a bump in 
accordance with an eleventh embodiment. In this embodiment, the configuration of a 
second metal layer 110 differs from the above embodiments. The second metal layer 

15 110 may be formed of a plurality of layers. In the drawings, the second metal layer 
110 includes first and second sublayers 112 and 114. 

[0168] As shown in Fig. 20(A), the first sublayer 1 12 is formed on a first 
metal layer 30. The first sublayer 1 12 is preferably formed so as to cover the first 
metal layer 30. Alternatively, the first sublayer 112 may be formed on the first metal 

20 layer 30 using a resist layer. The first sublayer 1 12 may be formed, after the first 
metal layer 30 is formed in a through hole in the resist layer and the resist layer is 
removed. The first metal layer 30 is described in the above embodiments and may be, 
for example, a nickel (Ni) layer. The first sublayer 1 12 may be a gold (Au) layer. For 
example, a gold plating solution is provided on the first metal layer 30 (Ni layer) to 

25 deposit Au on the Ni layer by substitution. In this case, the semiconductor chip 10 
may be immersed into the gold plating solution. The thickness of the first sublayer 
1 12 (Au layer) may be, for example, approximately 0.1 to 0.2 |im. 

[0169] As shown in Fig. 20(B), a second sublayer 1 14 is formed on the first 
sublayer 112. The second sublayer 1 14 may be a gold layer (Au layer). For example, 

30 the second sublayer 114 (Au layer) may be formed by an autocatalytic plating in a 
gold plating solution containing a predetermined reducing agent. When the 
semiconductor chip 10 is immersed into the solution, the semiconductor chip 10 is 
preferably shaded from light. Regarding the thickness of the second sublayer 1 14 (Au 
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layer), the total thickness of the first sublayer 112 and the second sublayer 1 14 is 
preferably 0.3 to 0.7 jam. 

[0170] A bump 120 including the first metal layer 30 and the second metal 
layer 1 10 is thereby formed. The bump 120 is provided with the outer Au layers (the 
5 first sublayer 1 12 and the second sublayer 1 14). 

[0171] According to this embodiment, the Au layer (second metal layer 1 1 0) 
including a plurality of layers can have a large thickness. Thus, the bump 120 of 
nickel (first metal layer 30) coated with the Au layer (second metal layer 110) can be 
directly connected to, for example, a lead (without using a solder) as in the case for 
10 forming the bump 120 using only gold. 

[0172] In this embodiment, the method for making the second metal layer 
1 10 is not limited to the above method as long as the thickness lies in the range of 0.3 
to 0.7 \im. For example, the first sublayer 1 12 may be formed using a reducing agent 
(by autocatalytic plating) by appropriately determining the composition of the plating 
15 bath. 

[0173] The method for making the first metal layer 30 in the through hole in 
the resist layer is described above. The first metal layer 30 may be isotropically 
deposited after the opening 16 is formed on the pad 12. That is, the first metal layer 
30 may be grown not only in the height direction but also the width direction. 

20 [0174] A method for making a semiconductor device in accordance with the 

present invention will now be described. Fig. 21 and Fig. 22 show the method for 
making the semiconductor device. 

[0175] As shown in Fig. 21, bumps 120 of a semiconductor chip 10 are 
electrically connected to leads 130. The embodiment shows an application of a TAB 

25 technology. The leads 130 are formed on a substrate 140 (tape). The substrate 140 
has a device hole 142 and a plurality of leads 130 protrude towards the inner side of 
the device hole 142. The semiconductor chip 10 is placed at the device hole 142 of 
the substrate 140, and each bump 120 is bonded to a part (inner lead 132) of the 
corresponding lead 130. The end of the lead 130 may be bent towards the bump 120. 

30 The material for the lead 130 is not limited and may be, for example, copper. 

[0176] At least the inner lead 132 of the lead 130 is plated. The thickness of 
the plated layer 134 is not limited. The plated layer 134 may be a tin layer (Sn layer). 
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[0177] The second metal layer 1 10 of the bump 120 has a large thickness in 
the range of, for example, approximately 0.3 to 0.7 |um. Thus, the bump 120 and the 
inner lead 132 are eutectically bonded to each other. In detail, the second metal layer 
1 10 (Au layer) and the plated layer (Sn layer) of the inner lead 132 are electrically 
5 connected by the formation of eutectic crystals. Since a thick second metal layer 110 
(Au layer) is formed in the step of forming the bump, the second metal layer 1 10 (Au 
layer) can be directly bonded to other conductive components (without using a solder). 
The eutectic bonding is performed by, for example, heating the bump 120 and the 
inner lead 132 to approximately 400°C. In such a case, it is preferable that the 
10 semiconductor chip 10 be preliminarily annealed at, for example, approximately 

200°C to 400°C to avoid excess thermal stress by instantaneously heating the chip to 
high temperature. The annealing may be performed in air, nitrogen, or a vacuum 
atmosphere. 

[0178] The second metal layer 110 (Au layer) is thick for eutectic bonding to 
15 other conductive components. This configuration enables bonding to the inner lead 
132 at a lower cost compared with a case of a bump including a gold first metal layer 
30 and a gold second metal layer 110. 

[0179] The plated layer 134 of the inner lead 132 may be an Au layer, and 
the second metal layer 1 10 of the bump 120 and the plated layer 134 may be bonded 
20 by thermal welding. 

[0180] Fig. 22 shows a modification of the connection between the bump 
120 and a lead 150. The lead 150 is formed on a substrate 160. The lead 150 is a 
wire, and a plurality of wires having a predetermined pattern are formed on the 
substrate 160 to form a wiring pattern. The wiring pattern has a connection (land 152) 
25 to the bump 120. The land 152 has an area which is larger than that of a line 

connected thereto. The wiring pattern is plated at least on the land 152. The plated 
layer (not shown in the drawing) of the wiring pattern may be a Sn layer. 

[0181] The semiconductor chip 10 is mounted onto the substrate 160 and the 
bump 120 and the land 152 are bonded to each other. That is, the semiconductor chip 
30 10 is face-down-bonded to the substrate 160. In this modification, the second metal 
layer 110 (Au layer) of the bump 120 and the plated layer (Sn layer) of the land 152 
can form eutectic crystals. In general, a resin (not shown in the drawing) is provided 
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between the semiconductor chip 10 and the substrate 160. The resin may be used as 
an under-filling material. 

[0182] The plated layer of the land 1 52 may be an Au layer and the second 
metal layer 1 10 of the bump 120 and the plated layer 134 may be bonded to each other 
5 by thermal welding. 

(First Modification) 

[0183] A first modification of the method for forming a bump will now be 
described. 

[0184] The first sublayer 112 (Au layer) is formed on the first metal layer 30 
10 (Ni layer). For example, a gold plating solution is provided on the first metal layer 30 
to deposit gold on the surface of the nickel by substitution. 

[0185] The second sublayer 1 14 is formed on the first sublayer 112. In this 
modification, the second sublayer 1 14 is a Sn layer. In detail, the second sublayer 1 14 
(Sn layer) is formed by autocatalytic plating in a tin plating solution containing a 
1 5 predetermined reducing agent. The tin plating solution may contain SnC12. TiC13 

may be used as a reducing agent. The plating solution contains a complexing agent, a 
buffering agent, and a stabilizer. For example, the plating solution may contain citric 
acid, disodium ethylenediaminetetraacetate (EDTA), and nitrilotriacetic acid. The 
second sublayer 114 (Sn layer) may be formed in a plating solution at pH of 8.5 and at 
20 80°C. 

[0186] According to this modification, the second sublayer 114 (Sn layer) 
enables eutectic connection between the bump 120 and the lead 130 (150). In this 
method for making a semiconductor device, the plated layer of the lead 130 (150) is 
preferably an Au layer. According to this, a Sn-Au eutectic alloy can be formed. 

25 [0187] Alternatively, the first sublayer 1 12 may be a palladium layer (Pd 

layer) and the second sublayer 1 14 may be a tin layer (Sn layer). In this case, the Pd 
layer (first sublayer 1 12) is formed on the first metal layer 30 by autocatalytic plating 
and the Sn layer (second sublayer 1 14) is formed thereon. 

[0188] The second metal layer 1 10 is not limited to the above-described 

30 metal, and may be a copper layer (Cu layer) or a layer containing copper and 

palladium (Cu + Pd layer). In detail, palladium crystal nuclei are selectively provided 
on the Ni layer (first metal layer 30), and a Cu layer with a thickness of approximately 
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1 to 3 |im is formed by autocatalytic plating thereon. Finally, a Sn layer is formed on 
the surface of the Cu layer by immersion plating to form a bump. 

[0189] Alternatively, an alloy layer including Sn and at least one element 
selected from Au, Cu, Bi, and Zn or including Sn may be formed on the first metal 
5 layer 30 by an evaporation process. This alloy may have a thickness of approximately 
0.2 jam to 0.3 jam. Alternatively, the Sn layer or the like may be formed by an 
evaporation process after the Au layer as the first layer is formed on the first metal 
layer 30 by immersion plating. 
(Second Modification) 

10 [0190] A second modification of the method for forming a bump will now 

be described. In this modification, the configuration of the second sublayer 1 14 in the 
second metal layer 1 10 is modified. 

[0191] In this modification, a tin plating solution used for forming the 
second sublayer 114 contains at least one of Cu and Ag. Fine particulate Cu and/or 

15 Au may be contained in the tin plating solution. The particle diameter may be 
approximately 10 to 100 nm. For example, Ag particles having a diameter of 
approximately 70 nm are contained in the plating solution in an amount of 
approximately 5 g/1. Alternatively, Cu particles having a diameter of approximately 
100 nm may be contained in the plating solution in an amount of approximately 3g/l. 

20 The plating solution containing these particles is heated and agitated. 

[0192] The second sublayer 1 14 is formed using this tin plating solution. 
That is, Sn is deposited and at least one of Cu and Ag is simultaneously deposited. 
The second sublayer 1 14 is a Sn layer. In more detail, the second sublayer 1 14 is any 
one of a Sn-Cu layer, a Sn-Ag layer, or a Sn-Ag-Cu layer, depending on the particles 

25 contained in the plating solution. The thickness of the second sublayer 1 14 is not 
limited and may be approximately 5 jam. 

[0193] According to this modification, the bump 120 and the lead 130 (150) 
can be successfully bonded, even if the plated layer 134 of the lead 130 (150) is 
formed of a material other than gold. Accordingly, the bump 120 and the lead 130 

30 (1 50) can be bonded as in the case of the formation of the bump 120 with solder. 

[0194] The material for the plated layer of the lead 130 (150) connected to 
the bump 120 is not limited and may be gold, tin, or copper. The bump 120 and the 
lead 130 (150) may be bonded by heating both to approximately 250°C. 
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[0195] Fig. 23 shows a circuit board 1000 which mounts the semiconductor 
device 1 in accordance with the present invention. The circuit board 1 000 may be an 
organic board, such as a glass-epoxy board or a polyimide film, or a glass board, such 
as liquid crystal display board. The circuit board 1 000 includes a circuit of a wiring 
pattern formed of, for example, copper. The wiring pattern and external terminals 80 
are mechanically connected to ensure electrical connection therebetween. 

[0196] As examples of electronic devices including the semiconductor 
device 1 of the present invention, Fig. 24 shows a notebook personal computer 1 100 
and Fig. 25 shows a portable phone 1200. 



